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(i) It has to provide gain control for the 10 000 phototubes with better than following criteria:
The monitoring system for the WA98 photon spectrometer has to match the second is the subject of this paper.
issue was addressed by developing a new high-voltage power supply [5] , the and gain control are crucial for obtaining the needed precision. While the first described in Ref. We also learned in this experiment that the gain stability
The first lead glass detector used for this purpose (SAPHIR) is extensively photons in heavy-ion reactions with a lead glass calorimeter is feasible [2, 3] .
It has been shown in the WA80 experiment that the measurement of direct nuclear reactions requires high-precision photon detection.
interaction zone. Such a measurement in the high-multiplicity environment of photons in these reactions, which yields information about the hot and dense A GeV [1] . The major goal of the experiment is the measurement of direct
The WA98 collaboration at the CERN SPS studies Pb-Pb interactions at 160 1 Introduction SPS. electron calibration and during the first Pb-ion beam time at the CERN LEDs and photodiodes. The complete system was successfully used in an ularity according to the general detector design. It is based on pulsed WA98 experiment. The system combines precision monitoring and modĩ ng system developed for the 10 000-module lead glass calorimeter in the A laser-based monitoring system is not adequate for the modular structure of to be used for gain monitoring. each lead glass module contains a hole which serves as an entry for the light and bases were incorporated during the gluing process. The front plate of supermodule (see Fig. 1 ). Surrounding steel plates to house the phototubes with carbon fibre and epoxy resin to form a self-supporting unit, called a with aluminized Mylar and shrink tube, and 24 modules were glued together of 4 >< 4 cm2 cross section and 40 cm length. The blocks were then wrapped A phototube housing and a thin front plate were glued to the lead glass blocks material.
but that could be mounted as a large structure without additional inactive glass in subunits of 6 >< 4 modules, which serve as independent detectors, detector structure mandatory. It was therefore decided to assemble the lead very different geometrical requirements of the two experiments make a flexible at CERN and later in the PHENIX experiment at the RHIC collider. The In addition the LED light is monitored by photodiodes incorporated in the detector in WA80) that the intrinsic pulse-to-pulse fluctuations are negligible.
LEDs have the big advantage over a nitrogen laser (as used e.g. in the SAPHIR To meet these requirements the monitoring system is based on pulsed LEDs. The dominant effect that causes changes in the light pulses is the temperature checks. Details of the two types of LEDs used are given in Table 1 .
yellow LED is used with a different pulse generator to allow for linearity
In addition, the avalanche pulser cannot be varied in intensity, so another pulses.
this LED has to be used in a different operation mode with comparably long and are incapable of delivering a fast pulse of sufficiently high intensity, so Available blue LEDs, however, have both low light output and slow response tocathodes due to ageing effects, we have included a blue LED in our design.
light. To check also for possible changes in the spectral sensitivity of the pho variations, as they are not expected to depend on the spectrum of the detected light. However, this is not considered important for correcting short-term gain module of the lead glass detector. Table 1 which is sufficiently small to be ignored for our purpose.
increasing temperature. However, typical shifts are approx. 0.1 nm/°C [6] , that the emission spectrum of the LED is shifted to longer wavelength with
The effective band gap is also inversely correlated to the temperature, so
The temperature coeflicients k for the LEDs used can be found in Table 1 . controlled by a temperature sensor read out via a driver into scanning ADCS. OCR Output Technical data of this component are given in Table 2 . Each photodiode is A PIN photodiode ($1223-01 from Hamamatsu) is used as the light detector.
effective charge signal as observed from the fast LED pulses. intensity than the other two pulse modes, is attenuated to about the same the slow pulses of the blue LED, which would yield much larger integrated yellow filter is mounted in front of the photodiode. In this way, the light from order to better match the different light intensities of the three pulse modes, a This is done by a photodiode which is mounted inside the plastic cover. In that monitors the LED intensity. which is coated with a highly reflective, diffusing paint. The front side itself supermodules (see Fig. 1 and 2 ). They shine onto the inner surface of this cover
The LEDs are mounted inside a plastic cover sitting at the front side of the The light distribution to the phototubes is achieved by very simple means.
Distribution system
LEDs. The slow and fast pulser systems were developed at the IKP Miinster.
interface. This provides the option of on-line variation of the intensity of the setting of the output voltage both manually and by computer via a parallel Table 2 1 0 O C R O u t p u t the photodiode pulse height spectra (Fig. 4b) -here standard deviations are
The very small fluctuations of the LED intensity can also be verified from 3.2 Photodiode performance enough (2-3%) to provide good monitoring capabilities.
is most likely responsible for this. However, the fluctuations are still small comparable mean values -time jitter of the pulses relative to the ADC gates
The pulse-to-pulse variations of the other pulse types are slightly larger at the fluctuations is attributed to purely statistical effects. corresponds to ca. 2000-3000 photoelectrons, so that the dominant part of butions is generally below 2% (Fig. 4a) . The mean value of the amplitude a Gaussian pulse height distribution. The standard deviation of these distri Although the manufacturer of the photodiode claims that the diode shows no a priori excluded and would have an influence on the gain determination. changes in the quantum efficiency of the photodiode itself, however, are not not critical, because the light output is controlled by the photodiode. Possible
The pulse height variations of the LEDs induced by temperature changes are not problematic for our system. electronic test pulses to the input of the preamplifiers. This noise is, however, of the ripple of switching power supplies used for the fanouts feeding the major internal source of noise in the photodiode readout is the feedthrough are a few volts, while the noise level here is about 30 mV peak-to-peak. The less than 1% for all channels. Typical pulse heights of fully amplified signals spectra (a) for all phototubes and (b) for all PIN-photodiodes. Energy resolution measured in a calibration beam time with electron beams of Table 4 E ,/E/eev E 5.5 :1; 0.6 (7 Q Z LAB + (0.0 r 0.2)%.
is shown in table 4. It can be described by
The energy resolution of the full detector measured in this electron calibration for rather large gain variations the correction can be done to better than 0.5%.
first measurement was used to correct for the others. It can be seen that even by the first measurement, i.e. 10 GeV. The calibration information from the for different gain settings, where E0 corresponds to the electron energy defined
